Abstract. Soil carbon, a major component of the global carbon inventory, has significant potential for change with changing climate and human land use. We applied the Century ecosystem model to a series of forest and grassland sites distributed globally to examine largescale controls over soil carbon. Key site-specific parameters influencing soil carbon dynamics are soil texture and foliar lignin content; accordingly, we perturbed these variables at each site to establish a range of carbon concentrations and turnover times. We examined the simulated soil carbon stores, turnover times, and C:N ratios for correlations with patterns of independent variables. Results showed that soil carbon is related linearly to soil texture, increasing as clay content increases, that soil carbon stores and turnover time are related to mean annual
In this paper we examine the sensitivity of a model of terrestrial organic matter to climate, soil texture, and detrital chemistry. The model (Century) includes coupled submodels for production and decomposition, linked by nutrient cycling (N and P). The model explicitly simulates fractions of soil organic carbon that have multiple turnover times and are forced by climate, site soil texture, and prescribed plant detritus chemistry. The model has been extensively validated against measured net primary production (NPP) and soil organic carbon (SOC) storage [Parton et al., 1987; and against isotopic measures of turnover time Townsen& 1993] . The model was integrated to quasi steady state at sites spanning a wide range of temperature and rainfall regimes. We refer to the final state as a "quasi steady state" because interannual variations in climate within the climate record used to initialize the model result in small changes in carbon storage and turnover; results used are averages over the final simulated decades. At each site we analyzed model sensitivity to texture and plant lignin content. We examined texture because many studies [e.g., Burke et al., 1989 ; Becker-Heidrnann and Scharpenseel, 1992; Parton et al., 1994] have shown texture to be a significant control over SOC dynamics, and current global maps of soil texture are very poor. We focused on lignin, a complex polymer produced by vegetation, because it is a significant control over decomposition rates and because lignin concentration is a species-specific characteristic The soil organic carbon scheme is central to this paper; a brief description follows (Figure 1 a) . Detritus enters the soil or surface litter layer following the death of live plant tissue. The proportions of plant material in readily ("metabolic") and slowly decomposing ("structural") fractions are estimated based on plant nitrogen and lignin contents. Surface and root litter decomposition are simulated separately because of the different "Passive" SOC is formed from the ramover of microbial and slow SOC and is composed of organic compounds which are thought to be chemically resistant to further microbial degradation.
Turnover of active SOC occurs on annual to decadal timescales, slow SOC on decadal to centennial, and passive on millennial timescales. The equations for the model are presented in detail by Parton et al. [1993] , along with site-specific parameters for many of the sites examined in this study. Nutrients are released during the decomposition of the various detrital and soil organic matter fractions. Each fraction has a range of C:N ratios, varying as a function of the amount of inorganic N. This has the effect of narrowing the C:N ratios in Nrich sites and increasing turnover rates. Data show that forest soils often have wider C:N ratios than grasslands. In Century, forest soils are permitted to have wider C:N ratios than grasslands in the slow soil organic matter compartment. During the decomposition of the several soil and detrital components, nutrients are released to an inorganic nutrient pool, associated with the emission of CO2. The amount of N released is determined by the C:N ratio of the compartment and the rate of C loss as CO 2. As part of the microbial growth process ("iramobilization"), the detrital compartments may also take up nutrients from the inorganic nutrient compartments. The difference between release (gross mineralization) and uptake of nutrients (iramobilization) is known as net mineralization and represents nutrient availability to the growing vegetation. Mineralization of soil nitrogen and phosphorus is the main source of plant-available nutrients, and since most terrestrial ecosystems are nutrient limited (added fertilizer will produce a growth response [Vitousek and Howarth, 1991] 
Experimental Design
Century has recently been evaluated as part of a Scientific Commission on the Problems of the Environment (SCOPE) project on primary production and decomposition in temperate forests and grasslands. As part of this study, the model was compared with data on production and soil C and N storage at a range of sites worldwide, with generally good agreement in grassland and forest ecosystems. These simulations span significant portions of global biotic and climatic gradients ( Figure  lb) 
Results and Discussion

Soil Carbon Storage
Model results show strong (and roughly commensurate) dependency of soil organic carbon storage on mean annual air temperature, lignin, and texture (Figures 2a-2c) 
where T is mean annual temperature, SOC is soil carbon storage, and clay fraction is the fractional content of clay in the soil. This equation was fitted holding lignin constant at the values observed at each site. This equation describes the relationship between large-scale controls (texture and MAT) and SOC, averaging over considerable site-specific differences in seasonality of temperature and moisture, differences between air and soil temperatures, and vegetation characteristics. Both forest and grassland systems follow similar patterns with respect to texture and temperature.
Soil Carbon Turnover Times
Soil carbon turnover times were strongly influenced by temperature and texture. This relationship is described as follows:
Xso e = -16 + 41 (clay fraction) + 46e 'ø'ø3r (2) where 'qoc is the turnover time (years) for SOC. Turnover times Our study speaks to both of these issues. First, in our model experiments, 50% to 70% of SOC to 20 cm resides in compartments with turnover times of •.100 years. These compartments can respond to a changing balance of inputs and outputs on timescales commensurate with the anthropogenic CO 2 perturbation. Century predicts that in 10 years, 50% of tropical, 25% of midlatitude, and 20% of high-latitude mineral soil SOC will turn over. The accretion rates for old landscapes presented by Schlesinger [1990] [Veldkamp, 1993] . Given the results shown in Figure 6 , it seems crucial to separate the millennial timescale SOC at depth from the actively cycling surface pools. 
